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(54) Preceding vehicle following control system with target drive torque 



(57) A preceding vehicle following control apparatus 
includes a speed sensor for sensing a vehicle speed of 
a controlled vehicle, a spacing sensor for sensing a 
spacing or distance from the controlled vehicle to a pre- 
ceding vehicle, and a following controller. In addition to 
a following mode for controlling the driving/braking force 
of the controlled vehicle in accordance with the spacing 
and the vehicle speed, the following controller has a wait 
mode, an auto-stop mode, and a release mode. The fol- 
lowing controller initially sets the control mode to the 
wait mode, and changes the control mode from the wait 



mode to the auto-stop mode or the following mode de- 
pending on whether the controlled vehicle is in a stop 
state or not. The controller changes the control mode 
between the auto-stop mode and the following mode in 
accordance with the spacing and the vehicle speed, 
changes the control mode to the release mode in re- 
sponse to a driver's operation such as a transmission 
range changing operation or a braking operation, and 
returns the control mode from the release mode to the 
wait mode in response to a driver's accelerating or brak- 
ing operation. 
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Description 

[0001] The present invention relates to preceding ve- 
hicle following control technique for controlling a vehicle 
spacing or distance from a controlled vehicle to a pre- 
ceding vehicle. 

[0002] Japanese Patent Kokai Publication No. H7 
(1995)-47862 shows a conventional vehicle following 
control system. 

[0003] When set by a driver, a preceding vehicle fol- 
lowing control system of earlier technology controls a 
vehicle spacing or distance to a preceding vehicle at a 
desirable value in the presence of a preceding vehicle, 
and controls the vehicle speed at a preset vehicle speed 
in the absence of a preceding vehicle. The following 
control is canceled in response to a driver's depression 
on a brake pedal, a driver's accelerating operation on 
an accelerator pedal, or a driver's shift operation. A main 
objective of the following control is to reduce the burden 
on a driver in high speed operations. There is a further 
demand for an automatic system for low speed opera- 
tions and for controlling stop and restart of a vehicle au- 
tomatically. 

[0004] In preceding vehicle following control systems 
of earlier technology, the following control is canceled 
by a driver's braking operation. Therefore, an operation 
to start the following control in the stop state is some- 
what cumbersome, since it requires a first operation of 
releasing the brake and a second operation for setting 
the following control. Moreover, a driver might feel un- 
easy if the vehicle would start moving toward a preced- 
ing vehicle on a downhill slope by cancellation of a brak- 
ing force for automatic stoppage due to driver's cancel- 
lation of the following control. 
[0005] It is, therefore, an object of the present inven- 
tion to provide apparatus and/or method capable of 
readily setting following control in a stop state. 
[0006] Another object is to provide apparatus and/or 
method capable of canceling following control smoothly 
without giving a driver unnatural feeling. 
[0007] Still another object is to provide apparatus and/ 
or method facilitating adjustment of preset vehicle 
speed. 

[0008] According to the present invention, a preced- 
ing vehicle following control apparatus for a controlled 
vehicle comprises a following controller: 

which collects input information on vehicle operat- 
ing conditions of the controlled vehicle, inclusive of 
a sensed actual vehicle speed of the controlled ve- 
hicle and a sensed actual vehicle-to-vehicle spac- 
ing or distance from the controlled vehicle to a pre- 
ceding vehicle, 

which controls a longitudinal (driving/braking) force 
of the controlled vehicle in accordance with the ac- 
tual vehicle speed and the actual vehicle spacing in 
a following mode, 

which sets a control mode initially to a wait mode, 



which changes the control mode from the wait mode 
to one of the following mode and an auto-stop mode 
(which is a mode to hold the controlled vehicle in a 
stop state by producing a braking force of the con- 
5 trolled vehicle), in accordance with the input infor- 
mation, 

which allows the control mode to change among the 
auto-stop mode, the following mode and a release 
mode, in accordance with the input information, and 
10 which returns the control mode to the wait mode 
from the release mode. 

[0009] A preceding vehicle following control appara- 
tus according to another aspect of the present invention, 

*5 comprises the following means: means for collecting in- 
put information including a sensed actual vehicle speed 
and a sensed actual vehicle spacing; means for control- 
ling a driving force or a braking force of the controlled 
vehicle in accordance with the actual vehicle speed and 

20 the actual vehicle spacing; means for changing a control 
mode from a wait mode to an auto-stop mode in re- 
sponse to a wait-to-stop condition signal; means for 
changing the control mode from the wait mode to the 
following mode in response to a wait-to-follow condition 

25 signal; means for changing the control mode from the 
auto-stop mode or the following mode, to a release 
mode in response to a release condition signal; and 
means for returning the control mode to the wait mode 
from the release mode in response to a release-to-wait 

30 condition signal. 

[0010] A preceding vehicle following control process 
according to one aspect of the present invention, com- 
prises: performing a following control in one of a follow- 
ing mode and an auto-stop mode; changing a control 

35 mode from a wait mode to the auto-stop mode in re- 
sponse to a wait-to-stop condition signal; changing the 
control mode from the wait mode to the following mode 
in response to a wait-to-follow condition signal; chang- 
ing the control mode from one of the auto-stop mode 

40 and the following mode, to a release mode in response 
to a release condition signal; and returning the control 
mode to the wait mode from the release mode in re- 
sponse to a release-to- wait condition signal. 

45 BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] Fig. 1 is a schematic view showing a preceding 
vehicle following control system according to a first em- 
bodiment of the present invention. 
50 [001 2] Fig. 2 is a view for illustrating transition among 
various control modes in the following control system of 
Fig. 1. 

[0013] Fig. 3 is a flow chart showing a following control 
procedure performed by a following controller in the con- 
55 trol system of Fig. 1 . 

[001 4] Fig. 4 is a flow chart showing a procedure in a 
step S102 of Fig. 3, for selecting a next mode reached 
from a wait mode. 
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[0015] Fig. 5 is a flow chart showing a procedure in a 
step S104 of Fig. 3, for selecting a next mode from an 
auto-stop mode. 

[0016] Fig. 6 is a flow chart showing a procedure in a 
step S106 of Fig. 3, for selecting a next mode from a 
following mode. 

[0017] Fig. 7 is a flow chart showing a procedure in a 
step S107 of Fig. 3, for selecting a next mode from a 
release mode. 

[001 8] Fig. 8 is a flow chart showing a wait mode pro- 
cedure performed in the control system of Fig. 1. 
[0019] Fig. 9 is a flow chart showing an auto-stop 
mode procedure performed in the control system of Fig. 
1. 

[0020] Fig. 10 is a flow chart showing a following 
mode procedure performed in the control system of Fig. 
1. 

[0021] Fig. 11 is a flow chart showing a release mode 
procedure performed in the control system of Fig. 1 . 
[0022] Fig. 1 2 is a flow chart showing another exam- 
ple of the procedure in the step S102 of Fig. 3, for se- 
lecting the next mode from the wait mode. 
[0023] Fig. 1 3 is a schematic view showing a preced- 
ing vehicle following control system according to a sec- 
ond embodiment of the present invention. 
[0024] Fig. 1 4 is a flow chart showing a wait mode pro- 
cedure according to a second embodiment of the 
present invention. 

[0025] Fig. 15 is an auto-stop mode procedure ac- 
cording to the second embodiment. 
[0026] Fig. 16 is a flow chart showing a following 
mode procedure according to the second embodiment. 

DETAILED DESCRIPTION 

[0027] Fig. 1 shows a vehicle (controlled vehicle) 
equipped with a preceding vehicle following control sys- 
tem according to a first embodiment of the present in- 
vention. In the example of Fig. 1, the controlled vehicle 
is a rear wheel drive vehicle having left and right front 
non-driving wheels 1 FL and 1 FR and left and right rear 
driving wheels 1RL and 1RR. A driving force of an en- 
gine 2 is transmitted through an automatic transmission 
3, a propeller shaft 4, a final reduction assembly 5,and 
rear axle shafts 6 to the rear wheels 1 RL and 1 RR. 
[0028] Four disc brakes 7 are provided, respectively, 
for the four wheels 1FL, 1FR, 1RL, and 1RR. A brake 
control unit 8 controls the brake oil pressure in each disc 
brake 7. 

[0029] The brake control unit 8 produces brake fluid 
pressure in response to depression of a brake pedal 16. 
Moreover, the brake control unit 8 produces the brake 
fluid pressure in response to a brake control signal rep- 
resenting a desired brake fluid pressure PB* supplied 
from a following controller 30. 
[0030] An engine output control unit 9 controls the out- 
put of the engine 2. One way to control the engine output 
is to control the engine speed (rpm) by regulating the 



opening (degree) TH of a throttle valve for the engine 2. 
Another way is to control an idle speed of the engine 2 
by regulating the opening of an idle control valve. In the 
example of Fig. 1 , the engine output control unit 9 is ar- 

5 ranged to regulate the throttle valve opening TH. 
[0031] A transmission control unit 10 controls a shift 
position of the automatic transmission. In response to 
an up/down shift control signal TS from the following 
controller 30, the transmission control unit 10 controls 

10 the shift position of the automatic transmission 3 in the 
upshift direction or downshift direction. 
[0032] A vehicle spacing sensor (or distance sensor) 
1 2 is a device for sensing a vehicle spacing (or vehicle- 
to-vehicle distance or separation) from the controlled 

is vehicle to a preceding vehicle ahead. In this example, 
the spacing sensor 12 is a radar type sensor disposed 
at a front lower portion of the vehicle body, and arranged 
to transmit laser light sweepingly and receive light re- 
flected from a preceding vehicle. The spacing sensor 1 2 

20 serves as means for sensing a vehicle spacing. 

[0033] Wheel speed sensors 1 3FL and 1 3FR are ar- 
ranged to sense wheel speeds of the left and right front 
non-driving wheels 1FL and 1FR, respectively. In this 
example, the wheel speed sensors 13FL and 13FR are 

2$ used as means for sensing a vehicle speed. 

[0034] An accelerator switch 1 5 is a device for sens- 
ing a driver's operation or intention of accelerating the 
controlled vehicle. In this example, the accelerator 
switch 1 5 is arranged to detect depression of an accel- 

30 erator pedal 1 4 of the controlled vehicle. 

[0035] A brake switch 17 is a device for sensing a driv- 
er's operation or intention of braking the vehicle. In this 
example, the brake switch 17 is arranged to detect de- 
pression of a brake pedal 16. 

35 [0036] A brake pressure sensor 1 8 senses the brake 
pressure outputted from the brake control unit 8. In this 
example, the sensed brake pressure is used to detect 
a driver's operation or intention of increasing the braking 
force (in steps S24 and S34). 

40 [0037] A steering angle sensor 1 9 senses a steering 
angle 6 of a steering wheel 1 9a of the controlled vehicle. 
[0038] A main switch SW M is an input device for se- 
lecting execution or non-execution of the following con- 
trol. The main switch SW M serves as start commanding 

45 means for producing a start command signal. 

[0039] There are further provided a set switch SW S , 
and a cancel switch SW C serving as cancel command- 
ing means for producing a cancel command signal. 
[0040] A drive range detecting switch SW D is a device 

50 turning on when a drive range is selected with a select 
lever of the transmission 3. 

[0041] The main switch SW M of this example includes 
a momentary type selector switch 20, to be operated by 
a driver, and a self-holding type relay circuit 21 . The se- 
55 lector switch 20 has one terminal connected through an 
ignition switch SW, G to a battery B. 
[0042] The selector switch 20 has an off position, a 
neutral position, and an on position. In the off position, 
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a first input terminal th for receiving a switch signal S, G 
from the ignition switch SW| G is disconnected from an 
output terminal to. In the neutral position, a second input 
terminal ti2 for receiving power supply from the relay cir- 
cuit 21 is connected with the output terminal tO. In the 
on position, the first and second input terminals til and 
ti2 are connected with the output terminal tO. 
[0043] The relay circuit 21 has a normally open con- 
tact s1 and a relay coil RL for driving the normally open 
contact s1 . One end of the normally open contact si is 
connected with the ignition switch SW, G . The other end 
of the normally open contact si is connected to the fol- 
lowing controller 30 directly on one hand and through 
the set switch SW S , as shown in Fig. 1 . The other end 
of the normally open contact si is further connected to 
the second input terminal ti2 of the selector switch 20. 
One end of the relay coil RL is connected with the output 
terminal tO of the selector switch 20, and the other end 
of the relay coil RL is grounded. 
[0044] The following controller 30 collects input infor- 
mation by receiving sensor signals from the vehicle 
spacing sensor 12, the wheel speed sensors 13FL and 
14FR, the accelerator switch 15, the brake switch 17, 
the brake pressure sensor 18, and the steering angle 
sensor 19, and further receiving switch signals S M , 
S SET , and S CAN from the main switch SW M , the set 
switch SW S , and the cancel switch SW C , and a switch 
signal S DR from the drive range detecting switch SW D . 
In accordance with the input information, the following 
controller 30 changes over a control mode among a wait 
mode (control waiting mode) WM, an auto-stop mode 
SM, a following mode FM.and a release mode RM, as 
shown in Fig. 2. 

[0045] The auto-stop mode SM is a mode for holding 
the controlled vehicle in a stop or rest state by holding 
a braking force at a predetermined magnitude. The fol- 
lowing mode FM is a mode for performing vehicle speed 
control to bring the actual speed Vs closer to a preset 
vehicle speed Vset when a preceding vehicle is not de- 
tected, and to bring the actual vehicle spacing L closer 
to adesired vehicle spacing L* when a preceding vehicle 
is detected, by controlling the brake control unit 8, the 
engine control unit 9, and the transmission control unit 
10. The release mode RM is a mode for canceling the 
auto-stop mode SM or the following modeFM, but hold- 
ing the braking force produced in the auto-stop mode or 
the following mode. 

[0046] When the main switch SW M is turned on, the 
following controller 30 changes the control mode from 
a control off state to the wait mode WM. 
[0047] The control mode is changed from the wait 
mode to the auto-stop mode SM if, in the wait mode, a 
predetermined first transition (or wait-to-stop mode- 
change) condition is satisfied. In this example, the first 
transition condition is satisfied when, first, the automatic 
transmission 3 is in the drive range, second, the control- 
led vehicle is in the stop (or rest) state, and,third,the set 
switch SWs is in the on state. 



[0048] From the wait mode WM, the control mode is 
changed to the following mode FM if, in the wait mode, 
a predetermined second (wait-to-follow) transition con- 
dition is satisfied. In this example, the second transition 
5 condition is satisfied when, first .the automatic transmis- 
sion 3 is in the drive range, second.the brake switch 17 
is in the off state, and.third.the set switch SW S is in the 
on state. 

[0049] From the auto-stop mode SM, the control 
10 mode is changed to the following mode FM if a prede- 
termined third (stop-to-follow) transition condition is sat- 
isfied in the auto-stop mode SM. In this example, the 
third transition condition is satisfied when a preceding 
vehicle moves forward by a predetermined amount from 
15 the position of the preceding vehicle at the time of the 
start of the auto-stop mode SM. 
[0050] From the following mode FM, the control mode 
is changed to the auto-stop mode SM if a predetermined 
fourth (fol low-to-stop) transition condition is satisfied in 
20 the following mode FM. In this example, the fourth tran- 
sition condition is satisfied when.first.the sensed actual 
vehicle spacing L to a preceding vehicle is equal to or 
smaller than a predetermined spacing value, and, sec- 
ond, the sensed actual vehicle speed Vs of the contrai- 
ls led vehicle is equal to or lower than a predetermined 
speed value. 

[0051] If a predetermined fifth (stop-to- release) tran- 
sition condition is satisfied in the auto-stop mode SM, 
the control mode is changed from the auto-stop mode 

30 SM to the release mode RM. In this example, the fifth 
transition condition is satisfied when any one or more of 
first, second, and third subordinate conditions is satis- 
fied. The first subordinate condition is satisfied when the 
cancel switch SW C is turned off. The second subordi- 

35 nate condition is satisfied when the steering wheel angle 
6 sensed by the steering angle sensor 19 becomes 
equal to or greater than a predetermined angle value. 
The third subordinate condition is satisfied when the au- 
tomatic transmission 3 is shifted out of the drive rage to 

40 another range. 

[0052] If a predetermined sixth (release-to-stop) tran- 
sition condition is satisfied in the release mode RM, the 
control mode is changed from the release mode RM to 
the auto-stop mode SM. The sixth transition condition is 

45 satisfied when, first.the controlled vehicle is in the stop 
state, second, the control range of the automatic trans- 
mission 3 is the drive range, and, third, the set switch 
SW S is in the on state. 

[0053] If a predetermined seventh (fol low-to-release) 
50 transition condition is satisfied in the following mode FM, 
the following controller 30 effects a mode change from 
the following mode FM to the release mode RM. In this 
example, the seventh transition condition is satisfied 
when the driver performs any one or more of a depress- 
es ing operation of the accelerator pedal 14 (accelerating 
operation), a depressing operation of the brake pedal 
16 (braking operation) and a shift operation from the 
drive range to another range. 
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[0054] If a predetermined eighth (release-to-follow) 
transition condition is satisfied in the release mode SM, 
the following controller 30 effects a mode change from 
the release mode RM to the following mode FM. In this 
example, the eighth transition condition is satisfied 
when first the controlled vehicle is in a running state in 
the release mode, second the automatic transmission 3 
is in the drive range, and third the set switch SWs is in 
the on state. 

[0055] If a predetermined ninth (release-to-wait) tran- 
sition condition is satisfied in the release mode SM, the 
following controller 30 effects a mode change from the 
release mode RM to the wait mode WM. In this example, 
the ninth transition condition is satisfied when the accel- 
erator switch 1 5 or the brake switch 17 is in the on state. 
[0056] When the main switch SWM is turned to the off 
state in the wait mode WM, the control system returns 
to the control off state. 

[0057] Fig. 3 shows a following control procedure per- 
formed, as a main program, by the following controller 
30. 

[0058] At a step S101, the controller 30 examines 
whether the current control mode is the wait mode WM, 
or not. In the case of the wait mode WM, the controller 
30 proceeds to a step S102, and performs, at the step 
S102, a next mode selection process for selecting a tar- 
get mode to be reached by transition from the wait mode 
WM. After the step S102, the controller 30 proceeds to 
a steps 108. 

[0059] When the current control mode is not the wait 
mode WM and hence the answer of the decision step 
S101 is negative, then the controller 30 proceeds to a 
step S103, and examines whether the current control 
mode is the auto-stop mode or not. If it is, the controller 
30 proceeds to a step S104 to perform a next mode se- 
lection process for selecting a target mode to be 
reached by transition from the auto-stop mode SM. After 
the step S104, the controller 30 proceeds to the step 
S108. 

[0060] If the current control mode is not the auto-stop 
mode SM, the controller 30 proceeds from the step S1 03 
to a step S105, and examines whether the current con- 
trol mode is the following mode FM or not. In the case 
of the following mode FM, the controller 30 proceeds to 
a step S106 and performs a next mode selection proc- 
ess for selecting a target mode to be reached by transi- 
tion from the following mode FM at the step S106. 
Thereafter, the controller 30 proceeds to the step S108. 
[0061] If the current control mode is not the following 
control mode FM, then the controller 30 proceeds from 
the step S 1 05 to a step S1 07, and performs a next mode 
selection process for selecting a target mode to be 
reached by transition from the release mode RM at the 
step S107. Thereafter, the controller 30 proceeds to the 
step S108. 

[0062] At the step S108, the controller 30 determines 
whether the current control mode is the wait mode WM 
or not,. like the step S101 . In the case of the wait mode 



WM, the controller 30 performs a wait mode process at 
a step S109, and then terminates the following control 
process of Fig. 3. If it is not the wait mode WM, the con- 
troller 30 proceeds to a step S110. 

s [0063] At the step S110, the controller 30 determines 
whether the current control mode is the auto-stop mode 
SM or not, like the step S103. In the case of the auto- 
stop mode SM, the controller 30 performs a auto-stop 
mode process at a step S111, and then terminates the 

10 following control process. If it is not the auto-stop mode 
SM, the controller 30 proceeds to a step S112. 
[0064] At the step S112, the controller 30 determines 
whether the current control mode is the following mode 
FM or not, like the steps 105. In the case of the following 

75 mode FM, the controller 30 performs a following mode 
process at a step S11 3, and then terminates the follow- 
ing control process of Fig. 3. If it is not the following mode 
FM, the controller 30 performs a release mode process 
at a step S114, and terminate the following control proc- 

20 ess. 

[0065] Fig. 4 shows the next mode selecting process 
from the wait mode, of the step S102. 
[0066] First, at a step S1 1 , the controller 30 examines 
whether the range of the automatic transmission 3 is the 

2S drive range or not. If the range of the automatic trans- 
mission 3 is other than the drive range, the controller 30 
proceeds to a step S12 and holds the wait mode WM. 
Thereafter, the controller 30 terminates the process of 
Fig. 4. In the case of the drive range, the controller 30 

30 proceeds to a step S1 3. 

[0067] At the step S13, the controller 30 examines 
whether the controlled vehicle is in the stop state by ex- 
amining whether the vehicle speed Vs of the controlled 
vehicle is equal to "zero". In this example, the vehicle 

35 speed Vs is calculated from the wheel speeds V WFL and 
V WFR sensed by the front wheel speed sensors 1 3FL 
and 1 3FR, as mentioned later. If the controlled vehicle 
is in the stop state, the controller 30 proceeds to a step 
S14, and examines whether the brake switch 17 is in 

40 the on state or not. From the step S1 4, the controller 30 
proceeds to the step S1 2 in the case of the brake switch 
17 being in the off state, and proceeds to a step S15 in 
the case of the on state. 

[0068] At the step S15, the controller 30 examines 
45 whether the set switch SW S is in the on state or not. In 
the case of the off state of the set switch SW S , the con- 
troller 30 proceeds to the step S12. In the case of the 
on state of the set switch SW S , the controller 30 pro- 
ceeds to a step S16. At the step S16, the controller 30 
50 effects a (wait-to-stop) mode change from the wait mode 
WM to the auto-stop mode SM. Then, the controller 30 
terminates the process of Fig. 4. 
[0069] When the controlled vehicle is in a running 
state, the controller 30 proceeds from the step S1 3 to a 
55 step S17 to examine whether the brake switch 17 is in 
the on state or not. From the step S1 7, the controller 30 
proceeds to the step S12 in the case of the on state of 
the brake switch 1 7, and to a step S1 8 in the case of the 
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off state of the brake switch 1 7. At the step S1 8, the con- 
troller 30 examines whether the set switch SW S is in the 
on state or not. The controller 30 proceeds to the step 
S12 in the case of the off state of the set switch SW S 
and to a step S19 in the case of the on state of the set 
switch SW S . The controller 30 changes the control mode 
to the following mode FM at the step S1 9, and thereafter 
terminates the process of Fig. 4. 
[0070] The step S11 , S13 ~ S15 are decision steps 
for checking the first condition for mode change from the 
wait mode WM to the auto-stop mode SM. The steps 
S 1 1 , S1 3, S1 7, and S1 8 are designed to check the sec- 
ond condition for mode change from the wait mode WM 
to the following mode FM. 

[0071] Fig. 5 shows the next mode selecting process 
from the auto-stop mode, of the step S104. 
[0072] First, at a step S20, the controller 30 examines 
whether the cancel switch SW C is in the on state or not. 
If the cancel switch SWC is in the on state, the controller 
30 proceeds to a step S22 and changes the control 
mode to the release mode RM. Thereafter, the controller 
30 terminates the process of Fig. 5, If the cancel switch 
SW C is in the off state, the controller 30 proceeds to a 
step S21. At the step S21, the controller 30 examines 
whether the range of the automatic transmission 3 is 
shifted out of the drive range or not. If the range of the 
automatic transmission 3 is other than the drive range, 
the controller 30 proceeds to the step S22 to change the 
control mode to the release mode RM. In the case of the 
drive range being held unchanged, the controller 30 pro- 
ceeds to a step S23. 

[0073] At the step S23, the controller 30 examines 
whether the steering angle 6 sensed by the steering an- 
gle sensor 1 9 is equal to or greater than a predetermined 
angle value 6s. If 6 £ Gs, the controller 30 proceeds to 
the step S22. If G < 9s, then the controller 30 proceeds 
to a step S24. At the step S24, the controller 30 deter- 
mines whether the brake pedal 1 6 is depressed further, 
by examining whether a current brake pressure P B (n) 
sensed by the brake pressure sensor 18 is greater than 
a previous value P B (n-1 ) of the brake pressure obtained 
in the previous control cycle. From the step S24, the 
controller 30 proceeds to the step S22 if the brake pedal 
16 is depressed further, and to a step S25 if it is not. 
[0074] At the step S25, the controller 30 determines 
whether a preceding vehicle has started, by examining 
whether the vehicle spacing L sensed by the vehicle 
spacing sensor 12 is increased by an amount equal to 
or greater than a predetermined value AL. If the increase 
of the actual vehicle spacing L is smaller than the pre- 
determined value AL, the controller 30 presumes the 
preceding vehicle is still in the stop state, and proceeds 
to a step S26. At the step S26, the controller 30 exam- 
ines whether the accelerator switch 1 5 is in the on state 
or not. From the step S26, the controller 30 proceeds to 
the step S22 in the case of the on state of the accelerator 
switch 1 5, and to a step S27 in the case of the off state 
of the accelerator switch 15. At the step S27, the con- 



troller 30 holds the auto-stop mode SM and terminates 
the process. 

[0075] If the increase of the actual vehicle spacing L 
is equal to or greater than the predetermined value AL, 
5 the controller 30 presumes that the preceding vehicle 
has started, and proceeds from the step S25 to a step 
S28 to examine whether the accelerator switch 15 is in 
the on state or not. If the accelerator switch 15 is in the 
on state, the controller 30 proceeds from the step S28 
10 to a step S29, and changes the control mode to the fol- 
lowing mode at the step S29. Then, the controller 30 
terminates the process of Fig. 5. If the accelerator switch 
1 5 is in the off state, the controller 30 proceeds to a step 
S30 and examines whether the set switch SW S is in the 
J5 on state or not. The controller 30 proceeds to the step 
S27 if the set switch SW S is in the off state, and to the 
step S29 if the set switch SW S is in the on state. 
[0076] In the next mode selecting process of Fig. 5, 
the steps S20, S21, S23, S24, and S26 are a program 
20 section for checking the fifth condition for stop-to-re- 
lease mode change from the auto-stop mode SM to the 
release mode RM. The steps S25, S28,and S30 are a 
section to check the third condition for stop-to-follow 
mode change from the auto-stop mode SM to the fol- 
25 lowing mode FM. 

[0077] Fig. 6 shows the next mode selecting process 
from the following mode, of the step S106. 
[0078] First, at a step S31 , the controller 30 examines 
whether the range of the automatic transmission 3 is 
so shifted out of the drive range or not. If the range of the 
automatic transmission 3 is other than the drive range, 
the controller 30 proceeds to a step S32 and changes 
the control mode to the release mode RM. Thereafter, 
the controller 30 terminates the process of Fig. 6. In the 
35 case of the drive range being held unchanged, the con- 
troller 30 proceeds to a step S33. 
[0079] At the step S33, the controller 30 examines 
whether the accelerator switch 15 is in the on state or 
not. If the accelerator switch 15 is in the on state, the 
40 controller 30 proceeds to the step S32. If the accelerator 
switch 15 is not in the on state, then the controller 30 
proceeds to a step S34. At the step S34, the controller 
30 determines whether the brake pedal 1 6 is depressed 
further, by examining whether a current brake pressure 
45 p B (n) sensed by the brake pressure sensor 1 8 is greater 
than a previous value P B (n-1 ) of the brake pressure ob- 
tained in the previous control cycle. From the step S34, 
the controller 30 proceeds to the step S32 if the brake 
pedal 16 is depressed further, and to a step S35 if it is 
50 not. 

[0080] At the step S35, the controller 30 determines 
whether the vehicle spacing L sensed by the vehicle 
spacing sensor 12 is equal to or smaller than a prede- 
termine spacing value L L . If L <, L L , the controller 30 pro- 
55 ceeds to a step S36. At the step S36, the controller 30 
examines whether the actual vehicle speed V s of the 
controlled vehicle is equal to or lower than a predeter- 
mined speed value V L . If V s < V L , the controller 30 pro- 
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ceeds to the step S37, changes the control mode to the 
auto-stop mode SM at the step S37, and then terminates 
the process of Fig. 6. If L> L L> or if V s > VL, the controller 
30 proceeds from the step S35 or the step S36 to a step 
S38, holds the following control mode FM unchanged, 
and then terminates the process of Fig. 6. 
[0081] In the next mode selecting process of Fig. 6, 
the steps S31 , S33, and S34 are a program section for 
checking the seventh condition for mode change from 
the following mode FM to the release mode RM. The 
steps S35 and S36 are a section to check the fourth con- 
dition for mode change from the following mode FM to 
the auto-stop mode SM. 

[0082] Fig. 7 shows the next mode selecting process 
from the release mode, of the step S107. 
[0083] First, the controller 30 examines at a step S40 
whether the accelerator switch 15 is in the on state or 
not. If it is, the controller 30 proceeds to a step S41, 
changes the control mode to the wait mode WM at the 
step S41, and then terminates the process of Fig. 7. If 
the accelerator switch 1 5 is in the off state, the controller 
30 proceeds to a step S42. 

[0084] At the step S42, the controller 30 examines 
whether the automatic transmission 3 is in the drive 
range or not. If the range of the automatic transmission 
3 is not the drive range, the controller 30 proceeds to a 
step S43, and examines at the step S43 whether the 
brake switch 17 is in the on state or not. If the brake 
switch 17 is in the on state, the controller 30 proceeds 
to the step S41 . If the brake switch 1 7 is in the off state, 
the controller 30 proceeds to a step S44, holds the re- 
lease mode unchanged and then terminates the proc- 
ess of Fig. 7. In the case of the drive range, the controller 
30 proceeds from the step S42 to a step S45. 
[0085] At the step S45, the controller 30 determines 
whether the controlled vehicle is in the stop state or not. 
If the controlled vehicle is in the stop state, the controller 
30 proceeds to a step S46, and examines at the step 
S46 whether the brake switch 17 is in the on state or 
not. In the case of the brake switch 17 being in the off 
state, the controller 30 proceeds to the step S44. In the 
case of the on state, the controller 30 proceeds to a step 
S47, and examines at the step S47 whether the set 
switch SW S is in the on state or not. If the set switch 
SW S is in the off state, the controller 30 proceeds to the 
step S41. If the set switch SW S is in the on state, the 
controller 30 proceeds to a step S48, changes the con- 
trol mode to the auto-stop mode SM at the step S48, 
and then terminates the process. 
[0086] If the controlled vehicle is in the running state, 
the controller 30 proceeds from the step S45 to a step 
S49, and examines at the step S49 whether the brake 
switch 17 is in the on state or not. If it is, the controller 
30 proceeds to the step S41 . If the brake switch 17 is in 
the off state, the controller 30 proceeds to a step S50, 
and examines at the step S50 whether the set switch 
SW S is in the on state or not. If it is in the off state, the 
controller 30 proceeds to the step S44. If the set switch 



SW S is in the on state, the controller 30 proceeds from 
the step S50 to a step S51, changes the control mode 
to the following mode FM, and terminates the process. 
[0087] In the process of Fig. 7, the steps S40, S43, 

s S47, and S49 are steps for checking the ninth condition 
from the release mode to the wait mode. The steps S40, 
S42, S45, S46, and S47 are steps for checking the sixth 
condition from the release mode to the auto-stop mode. 
The steps S40, S42, S45, S49, and S50 are steps for 

10 checking the eighth condition from the release mode to 
the following mode. 

[0088] Fig. 8 shows a wait mode process of the step 
S109. 

[0089] First, at a step S61 , the controller 30 calculates 

J5 the actual vehicle speed V s . In this example, the con- 
troller 30 measures the number of pulses per unit time 
or the time interval between pulses in each of the sensor 
signals from the wheel speed sensors 13FL and 13FR, 
and calculates the front wheel speeds V FL and V FR from 

20 the thus-measured quantity and the tire outside diame- 
ter. Then, the vehicle speed V s is set equal to an aver- 
age of the wheel speeds V FL and V FR . 
[0090] Then, at a step S62, the controller 30 reads the 
switch signal of the drive range detecting switch SW D 

25 provided at the drive range position of the select lever 
for the automatic transmission 3. Then, the controller 30 
reads the switch signal of the brake switch 1 7 at a step 
S63, further reads the switch signal of the set switch 
SW S at a step S64, and terminates the process. 

30 [0091] Fig. 9 shows the auto-stop mode process of 
the step S111 shown in Fig. 3. 
[0092] The controller 30 first reads the vehicle spac- 
ing L sensed by the vehicle spacing sensor 1 2 at a step 
S71, measures, at a step S72, the vehicle speed Vs in 

3$ the same manner as in the step S61 of Fig. 8, further 
reads the switch signal of the drive range detecting 
switch SW D at a step S73, reads the switch signal of the 
brake switch 17 at a step S74, reads the switch signal 
of the set switch SW S at a step S75, reads the steering 

40 angle 6 sensed by the steering angle sensor 1 9 at a step 
S76, and reads a winker signal at a step S77. Then, at 
a step S78, the controller 30 reads the brake pressure 
P B sensed by the brake pressure sensor 18, sets a de- 
sired brake pressure P B * equal to the thus-obtained val- 

45 ue of the brake pressure P B , and delivers the desired 
brake pressure P B * to the brake control unit 8. 
[0093] Fig. 10 shows the following mode process of 
the step S113of Fig. 3. 

[0094] The controller 30 first reads the vehicle spac- 
so ing L sensed by the vehicle spacing sensor 1 2 at a step 
S81 , measures, at a step S82, the vehicle speed Vs in 
the same manner as in the step S61 of Fig. 8, further 
reads the switch signal of the drive range detecting 
switch SW D at a step S83, reads the switch signal of the 
55 brake switch 1 7 at a step S84, and reads the switch sig- 
nal of the accelerator switch 15 at a step S85. Then, at 
a step S86, the controller 30 calculates a desired vehicle 
spacing L* from the vehicle speed Vs according to an 
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equation (1) below, calculates a desired vehicle speed 
V* in accordance with a deviation between the desired 
vehicle spacing L* and the actual vehicle spacing L, and 
controls the vehicle speed in accordance with the de- 
sired vehicle speed V* by controlling the brake control 
unit 8, the engine output control unit 9, and the trans- 
mission control unit 10. 

L* = V S XT CF+ T 0F (1) 

In this equation, T CF is a time (or time gap) required for 
the controlled vehicle to reach a position at a distance 
L0 [m] from a current position of a preceding vehicle in 
the rear of the preceding vehicle, and T 0F is a predeter- 
mined offset time. 

[0095] In the vehicle speed control process, the con- 
troller 30 selects a smaller one of the desired vehicle 
speed V* and the preset vehicle speed Vset set by the 
driver, as a controlled vehicle speed Vc, calculates a 
command driving force F 0R to bring the actual vehicle 
speed Vs closer to the controlled vehicle speed Vc, and 
an estimated disturbance dv' by using an ordinary feed- 
back control system and a vehicle speed servo system 
based on a robust model matching control technique in- 
cluding a model matching compensator and a robust 
compensator as disclosed in United States Patent No. 
5 959 572 (corresponding to Japanese Patent Kokai 
Publication Hl0(1998)-272963), calculates a desired 
driving/braking force F* by determining a difference be- 
tween F 0R and dv\ and controls the vehicle speed by 
controlling the brake control unit 8, the engine output 
control unit 9, and the transmission control unit 10 in 
accordance with the desired driving/braking force F*. 
The contents of this U.S. Patent No. 5 959 572 are here- 
in incorporated by reference. 
[0096] Fig. 1 1 shows the release mode process of the 
step S114 shown in Fig. 3. 

[0097] The following controller 30 first measures the 
vehicle speed Vs at a step S91 , reads the switch signal 
of the drive range detecting switch SW D at a step S92, 
reads the switch signal of the brake switch 17 at a step 
S93, reads the switch signal of the accelerator switch 
15 at a step S94, and reads the switch signal of the set 
switch SW S at a step S95. Then, at a step S96, the con- 
troller 30 holds the desired brake pressure P B * deter- 
mined in the auto-stop mode SM or the following mode 
FM. Alternatively, the controller 30 decreases this de- 
sired brake pressure P B * by an amount AP each time, 
and thereby gradually decreases the brake pressure by 
delivering the gradually decreasing desired brake pres- 
sure P B * to the brake control unit 8. 
[0098] The following control process of Fig. 3 serves 
as following controlling means. The step S61 of Fig. 8, 
the step S72 of Fig. 9, the step S82 of Fig. 10, the step 
S91 of Fig. 1 1 , and the wheel speed sensors 1 3FL and 
1 3FR serve as vehicle speed sensing means. 



[0099] If the ignition switch SW, G is in the off state, the 
select lever is in the position for the parking range, the 
parking brake is applied, and the controlled vehicle and 
a preceding vehicle are both in the stop state, then the 
s following controller 30 is in the off state disconnected 
from the power supply, and the control system is in the 
control off state. 

[0100] If, in this control off state, the driver turns on 
the ignition switch SW| G , the following controller 30 re- 

70 ceives power from the power source and starts the con- 
trol. In this case, the main switch SW M is in the off state 
because the relay circuit 21 is deenergized during the 
off period of the ignition switch SW, G . By initialization at 
the start of the control, the control system sets the con- 
's trol mode to the wait mode WM, and reads the input in- 
formation from the switches and sensors. However, the 
following control process of Fig. 3 is not yet operative. 
[0101] If, in this state, the main switch SW M is turned 
from the neutral position to the on position, the relay cir- 

20 cuit 21 is turned on into the self holding state, and holds 
the switch signal S M in the on state even if the selector 
switch 20 is returned to the neutral position. 
[0102] When the main switch SW M is turned on in this 
way, the following controller 30 starts executing the fol- 

25 lowing control process of Fig. 3. Since the control mode 
is initially set to the wait mode WM, the following con- 
troller 30 proceeds from the step S101 to the step S102, 
and performs the mode selection from the wait mode 
shown in Fig. 4. The automatic transmission 3 is still in 

30 the parking range. Accordingly the following controller 
30 proceeds from the step S11 to the step S12 of Fig. 
4, and maintains the wait mode WM. 
[0103] Therefore, the following controller 30 proceeds 
from the step S1 08 of Fig. 3 to the step S1 09 to perform 

35 the wait mode control process of Fig. 8. In the wait mode 
control process, the following controller 30 calculates 
the vehicle speed Vs (=0), and reads the drive range 
detecting switch signal S DR> the brake switch signal S B , 
and the set switch signal S SET . 

40 [0104] If, in this state, the driver selects the drive 
range with the selector lever while depressing the brake 
pedal 17, the controller 30 proceeds from the step S11 
of Fig. 4 through the steps S1 3 and S1 4 to the step S1 5. 
However, the set switch SW S is in the off state, and ac- 

45 cordingly the following controller 30 maintains the wait 
mode WM by proceeding to the step S12. 
[01 05] If the driver turns on the set switch SW S to start 
the following control, the following controller 30 pro- 
ceeds from the step S15 to the step S16, and changes 

50 the control mode from the wait mode WM to the auto- 
stop mode SM. In this auto-stop mode control process 
of the Fig. 9, the following controller 30 reads the actual 
vehicle spacing L, measures the actual vehicle speed 
V s , and reads the various input information. Moreover, 

55 at the step S78, the desired brake pressure P B * is set 
equal to the actual brake pressure P B sensed by the 
brake pressure sensor 18, and supplied to the brake 
control unit 8. 
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[01 06] If the driver releases the parking brake and re- 
leases the brake pedal 16, and the controlled vehicle is 
put in the state ready to start, the following controller 30 
proceeds through the steps S20 ~ S25 to the step S26, 
confirms that the accelerator switch 1 5 is in the off state 
at the S26, and maintains the auto-stop mode by pro- 
ceeding to the step S27. 

[0107] If the controlled vehicle starts moving down a 
steep downhill by the release of the brake pedal, and 
the driver depresses the brake pedal 16, the controller 
30 proceeds from the step S24 to the step S22, and 
changes the control mode to the release mode RM. 
However, the accelerator switch 15 is in the off state, 
the drive range detecting switch SW D is in the on state, 
the controlled vehicle is in the stop state, the brake 
switch 17 is in the on state. Therefore, in the release 
mode RM, the following controller 30 proceeds through 
the steps S40, S42, S45, and S46. to the step S47, and 
returns to the auto-stop mode SM if the set switch SW S 
is turned on again. 

[0108] If, in the auto-stop mode SM, a preceding ve- 
hicle starts moving, and the amount of change of the 
vehicle spacing L becomes equal to or greater than AL, 
the following controller 30 proceeds from the step S25 
in Fig. 5 to the step S28. Therefore, when the driver de- 
presses the accelerator pedal 14 or turns on the set 
switch SW S , the control mode is changed to the follow- 
ing mode FM pursuant to the driver's intention. 
[0109] In the following mode FM, the control system 
calculates the desired acceleration/deceleration so as 
to bring the actual vehicle spacing to a preceding vehicle 
sensed by the vehicle spacing sensor 12, closer to the 
desired vehicle spacing L*, makes the desired driving/ 
braking force F* positive in accordance with the desired 
acceleration/deceleration, and delivers the command 
throttle opening TH to the engine output control unit 9. 
As a result, the controlled vehicle is started and accel- 
erated. 

[01 1 0] If the actual vehicle spacing L becomes smaller 
than the desired spacing L* due to deceleration of the 
preceding vehicle or intervention of another vehicle from 
another lane, the desired driving/braking force F* be- 
comes negative, and the control system reduces the 
command throttle opening TH to zero to fully close the 
throttle valve, produces the shift position signal TS, ac- 
cording to need, to command the transmission control 
unit 1 0 to effect downshift to increase the engine braking 
force, and produces the desired brake pressure P B * cor- 
responding to the desired driving/braking force F*, to the 
brake control unit 8, so that the controlled vehicle is put 
in the braking state to decrease the actual vehicle spac- 
ing L toward the desired spacing L*. When the actual 
spacing L becomes close to the desired spacing L*, the 
shift position signal TS is delivered to the transmission 
control unit 1 0 to effect an upshift, and the desired brake 
pressure P B * is decreased. When the actual spacing L 
becomes equal to the desired spacing L*. and the de- 
sired driving/braking force F* becomes positive, the 



throttle opening command TH is delivered to the engine 
output control unit 9, and the control system returns to 
the driving force control state. 
[0111] If, in this vehicle spacing controlling state, a 
s preceding vehicle swerves from the lane of the control- 
led vehicle to another lane, or the controlled vehicle 
swerves to a passing lane, and hence the headway sit- 
uation becomes such that no preceding vehicles can be 
picked up by the spacing sensor 1 2, then the control sys- 
tem controls the vehicle speed so as to bring the actual 
vehicle speed Vs closer to the preset vehicle speed Vset 
set by the driver. 

[0112] If, in this following mode, a preceding vehicle 
slows down and stops at a traffic signal, the control sys- 
tem decreases the vehicle speed of the controlled vehi- 
cle to zero so as to maintain the desired vehicle spacing 
L* by outputting the desired brake pressure P B *. In this 
case, the desired spacing L* is decreased as the vehicle 
speed V s decreases. When, therefore, the actual spac- 
ing L sensed by the spacing sensor 12 becomes equal 
to or smaller than the predetermined value L L , and the 
vehicle speed V s becomes equal to or lower than the 
predetermined value V L , then the control system pro- 
ceeds through the steps S31 and S33 - S36 to the step 
S37 in the mode selection process of Fig. 6, changes 
the control mode to the auto-stop mode SM, and holds 
the brake pressure P B at the then-existing level. 
[0113] If, thereafter, the preceding vehicle starts, the 
control system returns the control mode to the following 
mode, as mentioned before, in response to a driver's 
operation to turn on the accelerator switch 1 5 by depres- 
sion of the accelerator pedal, or a driver's operation to 
turn on the set switch SW S again. 
[0114] If, in the following mode, the driver selects the 
second speed range with the select lever to produce an 
engine braking on a long downhill slope, the switch sig- 
nal S D of the drive range detecting switch SW D turns off, 
and hence the control system changes the control mode 
to the release mode RM by following the course from 
the step S31 to the step S32. If the desired brake pres- 
sure P B * is produced in the following mode immediately 
before the mode change from the following mode to the 
release mode, the control system holds the desired 
brake pressure P B * at the magnitude immediately be- 
fore the mode change or decrease the desired brake 
pressure P B * gradually. 

[0115] If, in this running state in the release mode with 
the transmission in the second speed range, the brake 
switch 17 turns on by depression of the brake pedal 16, 
the control system returns the control mode to the wait 
mode WM by following the course from the step S43 to 
the step S41. 

[0116] Moreover, the control mode is changed from 
the following mode FM to the release mode if the accel- 
erator switch 15 turns on by depression of the acceler- 
ator pedal 14 or if the brake pedal 16 is depressed fur- 
ther. 

[0117] From the release mode RM, the control system 
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returns the control mode to the wait mode if the accel- 
erator switch 15 turns on by depression of the acceler- 
ator pedal 14, if the accelerator switch 17 is off, but the 
brake switch 1 7 tu rns on by depression of the brake ped- 
al 16 in the running state with the transmission in the s 
drive range, or if the controlled vehicle stops and the set 
switch SW S is off. If, however, in the running state in the 
drive range, the brake switch 1 7 is off and the set switch 
SW S is off, then the control system holds the release 
mode RM. The control mode is changed to the following 
mode FM if the set switch SW S is turned on in the run- 
ning state in the drive range, and to the auto-stop mode 
SM if the controlled vehicle stops in the drive range and 
the set switch SW S is turned on. 
[0118] If, in the wait mode WM, the set switch SW Q is 
turned on after a start of the vehicle, then the control 
system changes the control mode from the wait mode 
to the following mode as in the conventional system. If 
the main switch SW M is turned off or the ignition switch 
SW, G is turned off, then the control system terminates 
the following control process of Fig. 3 and turns in the 
control off state. 

[0119] In the thus-constructed control system, the 
control system is set to the wait mode WM by turn-on of 
the main switch SWM. In this state, the driver can 
change the control mode to the auto-stop mode or the 
following mode by turning on the set switch SW S in the 
drive range, and by so doing, starts the following control 
at a desired timing. 

[0120] Moreover, after a mode change to the auto- 
stop mode or the release mode, the control system 
holds the brake pressure, if any, in the previous mode, 
and thereby prevents unnatural feeling by preventing 
abrupt change in the brake pressure. 
[0121] Fig. 12 shows another practical example ac- 
cording to the first embodiment of the present invention. 
In the second example, the step S15 shown in Fig. 4 is 
omitted in the mode selection from the wait mode WM, 
so that the first condition for mode change from the wait 
mode to the auto-stop mode SM does not include a con- 
dition about the set switch SW S . In Fig. 12, if the brake 
switch 17 is in the on state, the following controller 30 
proceeds directly from the step S14 to the step S1 6 and 
effects a mode change to the auto-stop mode SM. 
[01 22] Similarly, as to the second through eighth con- 
ditions, too, it is optional to omit the decision step of 
checking the on state of the set switch SW S . 
[01 23] As to the ninth condition for mode change from 
the release mode RM to the wait mode WM, the next 
mode selection process in the example shown in Fig. 7 
is designed to check the on state of the accelerator 
switch 1 5 or the brake switch 1 7. However, it is optional 
to arrange the control system so that the following con- 
troller 30 decreases the desired brake pressure P B * 
gradually AP by AP at the step S96 in the release mode 
process of Fig. 1 1 , and then effects a mode change from 
the release mode RM to the wait mode WM when the 
desired brake pressure PB* becomes equal to or lower 



than a predetermined pressure value. In this case, it is 
possible to use the sensed actual brake pressure in 
place of the desired brake pressure P B * 
[0124] In the step S96 in the release mode process of 
Fig. 1 1 , it is optional to vary the rate of decrease of the 
desired brake pressure P B * in accordance with the ve- 
hicle spacing and/orthe vehicle speed. For example, the 
control system decreases the desired brake pressure 
P B * more gradually in the presence of a preceding ve- 
hicle than in the absence of a preceding vehicle, by mak- 
ing the decrease quantity AP smaller when a preceding 
vehicle is detected. In another example, the control sys- 
tem decreases the desired brake pressure PB* more 
gradually by decreasing AP when the vehicle spacing to 
a preceding vehicle becomes smaller. In still another ex- 
ample, the control system makes smaller the decrease 
quantity AP with decrease in the vehicle speed, and 
thereby causes the desired brake pressure P B * to de- 
crease more gradually in a lower vehicle speed region 
than in a higher vehicle speed region. 
[0125] In the first embodiment, the 7th condition for 
mode change from the following mode to the release 
mode does not include a condition about the cancel 
switch SW C . However, in the selection process of Fig. 
6, it is optional to add a decision step (similar to the step 
S20) for checking whether the cancel switch SW C is in 
the on state or not. For example, the step S32 is reached 
if the cancel switch SW C is in the on state, and the step 
S31 is reached if the cancel switch SW C is in the off 
state. 

[0126] In the preceding examples, the wheel speed 
sensors 13FL and 13FR are used as a vehicle speed 
sensor. However, the vehicle speed sensor may be ar- 
ranged to sense rotation of the output shaft of the auto- 
matic transmission 3. It is further optional to use, as the 
vehicle speed, a vehicle body speed estimated from 
wheel speeds by an anti-skid brake control system (or 
by a means for estimating vehicle body speed). 
[0127] In the preceding examples, the desired spac- 
ing L* is calculated in accordance with the actual vehicle 
speed V s . However, the present invention is not limited 
to this. The control system may be arranged to calculate 
the desired spacing L* by determining a relative speed 
AV by differentiating the actual vehicle speed L with a 
band pass filtering operation or a high-pass filtering op- 
eration, to calculates a preceding target speed Vt of a 
preceding vehicle by adding the relative speed AVto the 
actual vehicle speed V s , and to calculate the desired 
spacing L* in accordance with the target speed Vt. 
[01 28] The present invention is not limited to the laser 
radar sensor. The vehicle spacing sensor 12 may be a 
sensor utilizing a millimetre wave radar, or may be an 
image processing system arranged to calculate the ve- 
hicle spacing by processing images produced by a ster- 
eo camera. 

[0129] Figs. 13-16 show a second embodiment of 
the present invention. 

[0130] Fig. 13 shows a vehicle following control sys- 
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tern according to the second embodiment. This control 
system includes a vehicle speed setting device 50 for 
setting and adjusting the preset vehicle speed Vset, in 
addition to the components shown in Fig. 1 . In the sec- 
ond embodiment, the driver can set and change the pre- 
set vehicle speed Vset with the input device 50 in pre- 
determined control modes. 

[0131] A step for adjusting the preset vehicle speed 
Vset is added in each of Figs. 1 3 — 15. The wait mode 
control process of Fig. 13 is different from Fig. 8 in the 
addition of a set speed adjusting step 65 after the step 
S64. The auto-stop mode control process of Fig. 14 is 
different from Fig. 9 in the addition of a set speed ad- 
justing step S79 between the steps S77 and S78. The 
following mode control process of Fig. 15 is different 
from Fig. 10 in the addition of a set speed adjusting step 
S87 between the steps S85 and S86. 
[01 32] As to the preset vehicle speed adjusting oper- 
ation in the steps S65 and S87, the control system may 
be arranged to enable the driver to adjust the preset ve- 
hicle speed by turning on a switch such as a resume 
switch to set the current vehicle speed V s as the preset 
vehicle speed Vset, or by varying the preset vehicle 
speed Vset by turning on an adjusting or setting switch 
and performing a count-up or count-down operation. If 
the controlled vehicle is in the stop state, the driver can 
adjust the preset speed by count-up or count-down op- 
eration in the on state of an adjusting or setting switch. 
Moreover, a ten-key pad can be used for inputting the 
preset vehicle speed Vset. Similarly, as to the preset ve- 
hicle speed adjusting operation in the step S79, the con- 
trol system can use an adjusting or setting switch for 
adjusting the preset vehicle speed Vset by count-up or 
count-down, or a ten-key pad for adjusting the preset 
speed Vset. 

[01 33] In this control system according to the second 
embodiment, the driver can perform the preset speed 
adjusting operation in each of the wait mode, the auto- 
stop mode, and the following mode. Specifically in the 
wait mode and the auto-stop mode, the driver can adjust 
the preset speed Vset securely without error or influence 
on the driving operation in the stop state of the vehicle. 
[0134] The following control can be achieved in vari- 
ous manners. The control system can perform the vehi- 
cle speed control by calculating the desired vehicle 
speed V* in accordance with the deviation of the actual 
vehicle spacing L from the desired spacing L* and con- 
trolling the vehicle speed so as to reduce the deviation 
of the actual vehicle speed V s from the desired vehicle 
speed V*, or in some other appropriate way. The control 
system may be arranged to calculate the desired accel- 
eration/deceleration in accordance with the deviation of 
the actual spacing L from the desired spacing L* and to 
control the brake control unit 8, the engine output control 
unit 9, and the transmission control unit 10 in accord- 
ance with the desired acceleration/deceleration. 
[0135] The vehicle shown in Fig. 1 has the disc brakes 
7. The present invention is not limited to the disc brake 



system. In the case of an electric vehicle having a re- 
generative braking system, the control system may be 
arranged to control the regenerative braking force. In the 
case of a brake system having an electric motor as a 

5 brake actuator, the control system can perform the brak- 
ing force electrically. The present invention can employ 
any brake system capable of controlling a braking force. 
[0136] In the example of Fig. 1 , the automatic trans- 
mission 3 is on the output side of the engine 2. However, 

10 the present invention is not limited to this arrangement. 
The present invention is applicable to a vehicle having 
a continuously variable transmission. 
[0137] The present invention is applicable not only to 
a rear wheel drive vehicle, but to a front wheel drive ve- 

*s hide or a four wheel drive vehicle. Furthermore, the 
present invention is applicable to an electric vehicle hav- 
ing an electric motor instead of the engine 2 and a hybrid 
vehicle having an electric motor in addition to the engine 
2. In this case, the control unit 10 may be arranged to 

20 control the electric motor. 

[0138] In the illustrated embodiments, the steps 
S61~ S64, S71-S77, S81- S85, S91~ S95 correspond 
to collecting means for collecting input information on 
vehicle operating conditions of the controlled vehicle. 

25 The step S78, S86, and S96 correspond to means for 
controlling at least one of driving force and braking force. 
The steps S1 6, S1 9, S22. S29, S32, S37, S41 , S48, and 
S51 correspond to means for changing the control mode 
among the four modes shown in Fig. 2. The steps S22 

30 and S32 correspond to releasing means for changing 
the control mode from one of the auto-stop mode and 
the following mode to the release mode. The step S41 
corresponds to returning means for returning the control 
mode to the wait mode from the release mode. The de- 

35 cision steps S11, S13 - S15, S17, S18, S20 - S26, 
S28, S30, S31 , S33 ~ S36, S40, S42, S43, S45 - S47, 
S49, and S50 correspond to discriminating means for 
producing condition signals for effecting mode changes. 
[0139] This application is based on prior Japanese 

40 Patent Application No. H11 (1999)- 186497. The entire 
contents of this Japanese Patent Application No. H11 
(1 999)-1 86497 with a filing date of June 30, 1 999 in Ja- 
pan are hereby incorporated by reference. 
[0140] Although the invention has been described 

45 above by reference to certain embodiments of the in- 
vention, the invention is not limited to the embodiments 
described above. Modifications and variations of the 
embodiments described above will occur to those skilled 
in the art in light of the above teachings. The scope of 

50 the invention is defined with reference to the following 
claims. 



Claims 

1. A preceding vehicle following control apparatus for 
a controlled vehicle, comprising: 
a following controller 
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collecting input Information on vehicle operat- 
ing conditions of the controlled vehicle, inclu- 
sive of a sensed actual vehicle speed of the 
controlled vehicle and a sensed actual vehicle 
spacing from the controlled vehicle to a preced- 5 
ing vehicle, 

controlling a longitudinal force of the controlled 
vehicle in accordance with the actual vehicle 
speed and the actual vehicle spacing in a fol- 
lowing mode, 10 
setting a control mode initially to a wait mode, 
changing the control mode from the wait mode 
to one of the following mode and an auto-stop 
mode to hold the controlled vehicle in a stop 
state by producing a braking force, is 
allowing the control mode to change among the 
auto-stop mode, the following mode.and a re- 
lease mode to stop driving force control and 
prevent abrupt decrease of a braking force of 
the controlled vehicle, and 20 
returning the control mode to the wait mode 
from the release mode. 

2. The preceding vehicle following control apparatus 

as claimed in Claim 1 , wherein the following control 25 
apparatus further comprises an input section sens- 
ing the vehicle operating conditions and supplying 
the input information to the following controller, the 
input section comprises a speed sensor sensing a 
vehicle operating condition to determine the actual 30 
vehicle speed of the controlled vehicle, a spacing 
sensor sensing the actual vehicle spacing from the 
controlled vehicle to a preceding vehicle, and an in- 
put device producing a start command signal to 
start following control, the following controller is 35 
configured to set the control mode to the wait mode 
in response to the start command signal, and to per- 
form one of spacing control to bring the actual spac- 
ing closer to a desired spacing and speed control 
to bring the actual vehicle speed closer to a preset 40 
vehicle speed, the following controller is configured 
to determine a desired vehicle speed in accordance 
with the vehicle spacing and to control at least one 
of a driving force and a braking force of the control- 
led vehicle in accordance with at least one of the *5 
desired vehicle speed and the preset vehicle speed 
in the following control mode, and the following con- 
troller is further configured to change the control 
mode from the wait mode to one of the following 
mode and the auto-stop mode in accordance with so 
the input information and to allow the control mode 
to change among the auto-stop mode, the following 
mode.and the release mode in accordance with the 
input information. 

ss 

3. The preceding vehicle following control apparatus 
as claimed in Claim 1, wherein the following con- 
troller is configured to effect: 



(i) a wait-to-stop mode change from the wait 
mode to the auto-stop mode if an automatic 
transmission of the controlled vehicle is in a 
drive range and at the same time the controlled 
vehicle is in a stop state; 

(ii) a wait-to-follow mode change from the wait 
mode to the following mode if the automatic 
transmission is in the drive range and at the 
same time a brake system of the controlled ve- 
hicle is in an inoperative state; 

(iii) a stop-to-follow mode change from the au- 
to-stop mode to the following mode if the actual 
vehicle spacing sensed by the spacing sensor 
increases; 

(iv) a fol low-to-stop mode change from the fol- 
lowing mode to the auto-stop mode if the actual 
vehicle spacing is equal to or smaller than a 
predetermined spacing value and at the same 
time the actual vehicle speed is equal to or low- 
er than a predetermined speed value; 

(v) a stop-to-release mode change from the au- 
to-stop mode to the release mode in response 
to a driver's operation which is one of a steering 
operation and a transmission range change op- 
eration; 

(vi) a release-to-stop mode change from the re- 
lease mode to the auto-stop mode if the con- 
trolled vehicle is in the stop state and at the 
same time the automatic transmission is in the 
drive range; 

(vii) a follow-to-re lease mode change from the 
following mode to the release mode in re- 
sponse to a driver's operation which is one of 
an accelerating operation, a decelerating oper- 
ation.and a driver's range change operation; 

(viii) a release-to-follow mode change from the 
release mode to the following mode if the con- 
trolled vehicle is in a running state and at the 
same time the automatic transmission is in the 
drive range; and 

(ix) a release-to-wait mode change from the re- 
lease mode to the wait mode in response to a 
driver's operation to manipulate at least one of 
a driving force and a braking force. 

4. The preceding vehicle following control apparatus 
as claimed in Claim 1 , wherein the following con- 
troller is configured to control the vehicle speed in 
accordance with a preset vehicle speed in the fol- 
lowing mode and to allow the preset vehicle speed 
to be adjusted in the auto-stop mode. 

5. The preceding vehicle following control apparatus 
as claimed in Claim 1 , wherein the following con- 
troller is configured to control the vehicle speed in 
accordance with a preset vehicle speed in the fol- 
lowing mode and to allow the preset vehicle speed 
to be adjusted in the wait mode. 
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6. The preceding vehicle following control apparatus 
as claimed in Claim 1 , wherein the following control 
apparatus further comprises an input device deter- 
mining a preset vehicle speed, and the following 
controller is configured to control the actual vehicle 
speed in accordance with the preset vehicle speed 
in the following mode and to adjust the preset vehi- 
cle speed in accordance with a signal from the input 
device in at least one of the auto-stop mode and the 
wait mode. 

7. The preceding vehicle following control apparatus 
as claimed in Claim 1, wherein the following con- 
troller is configured to effect a wait-to-stop mode 
change from the wait mode to the auto-stop mode 
in response to a driver's braking operation when the 
controlled vehicle is in a stop state. 

8. The preceding vehicle following control apparatus 
as claimed in Claim 1, wherein the following con- 
troller is configured to effect a release-to-wait mode 
change from the release mode to the wait mode in 
response to a driver's operation for increasing a 
braking force of the controlled vehicle. 

9. The preceding vehicle following control apparatus 
as claimed in Claim 1, wherein the following con- 
troller is configured to decrease the braking force 
gradually from a level in the following mode upon a 
follow-to-release mode change from the following 
mode to the release mode, and to effect a release- 
to-wait mode change from the release mode to the 
wait mode if the braking force becomes equal to or 
lower than a predetermined braking force value. 

10. The preceding vehicle following control apparatus 
as claimed in Claim 1, wherein the following con- 
troller is configured to perform, in the release mode, 
one of brake force decreasing control to decrease 
the braking force gradually, in accordance with at 
least one of the vehicle spacing to a preceding ve- 
hicle and the vehicle speed of the controlled vehicle, 
and brake force holding control to hold the braking 
force, and to effect a release-to-wait mode change 
from the release mode to the wait mode in response 
to one of a first release-to-wait mode change con- 
dition signal .which is produced if the braking force 
becomes equal to or lower than a predetermined 
braking force value, and a second release-to- wait 
mode change condition signal.which is produced in 
response to a driver's operation for manipulating 
one of braking force and driving force. 

11. The preceding vehicle following control apparatus 
as claimed in Claim 1 , wherein the following con- 
troller is configured to allow a wait-to-stop mode 
change from the wait mode to the auto-stop mode 
if and only if the controlled vehicle is in a stop state, 



to allow a wait-to-follow mode change the wait 
mode to the following mode if and only if the con- 
trolled vehicle is not in the stop state, to change the 
control mode between the auto-stop mode and the 

5 following mode in accordance with at least one of 
the actual vehicle spacing and the actual vehicle 
speed, to change the control mode to the release 
mode from one of the auto-stop mode and the fol- 
lowing mode in response to a driver's first operation, 

10 and to change the control mode to the wait mode 
only from the release mode in response to a driver's 
second operation. 

12. The preceding vehicle following control apparatus 
18 as claimed in Claim 1 1 , wherein the following control 

apparatus comprises an input device detecting a 
driver's driving operation, a second input device de- 
tecting a driver's braking operation.and a third input 
device detecting a driver's transmission shift oper- 
20 ation, the driver's first operation being one of the 
driver's driving operation, the driver's braking oper- 
ation.and the driver's shift operation, the driver's 
second operation being one of the driver's driving 
operation and the driver's braking operation. 

25 

13. The preceding vehicle following control apparatus 
as claimed in Claim 3, wherein the following con- 
troller is configured to effect the stop-to-follow mode 
change from the auto-stop mode to the following 

so mode if an amount of increase in the actual vehicle 
spacing sensed by the spacing sensor is equal to 
or greater than a predetermined value, and to effect 
the stop-to-release mode change from the auto- 
stop mode to the release mode in response to a 
35 driver's operation which is one of a transmission 
range change operation to shift an automatic trans- 
mission out of a drive range and a steering opera- 
tion increasing a steering amount to a value equal 
to or greater than a predetermined value. 

40 

14. A preceding vehicle following control apparatus for 
a controlled vehicle, comprising: 

collecting means for collecting input informa- 
45 tion on vehicle operating conditions of the con- 

trolled vehicle, the input information including a 
sensed actual vehicle speed of the controlled 
vehicle and a sensed actual vehicle spacing 
from the controlled vehicle to a preceding vehi- 
50 de; 

controlling means for controlling at least one of 
driving force and braking force of the controlled 
vehicle in accordance with the actual vehicle 
speed and the actual vehicle spacing in a fol- 
55 lowing mode; 

first mode changing means for changing the 
control mode from a wait mode to an auto-stop 
mode for holding the controlled vehicle in a stop 
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state, in response to a wait-to-stop condition 
signal produced in accordance with the input 
information; 

second mode changing means for changing the 
control mode from the wait mode to the follow- 5 
ing mode in response to a wait-to-follow condi- 
tion signal produced in accordance with the in- 
put information; 

releasing means for changing the control mode 
from one of the auto-stop mode and the follow- 10 
ing mode to a release mode in response to a 
release condition signal produced in accord- 
ance with the input information; and 
returning means for returning the control mode 
to the wait mode from the release mode in re- is 
sponse to a release-to-wait condition signal 
produced in accordance with the input informa- 
tion. 

15. The preceding vehicle following control apparatus 20 
as claimed in Claim 14, further comprising discrim- 
inating means for producing the wait-to-stop condi- 
tion signal if a transmission of the controlled vehicle 

is in a predetermined driving state and at the same 
time the controlled vehicle is in the stop state, pro- 2s 
ducing the wait-to-follow condition signal if the 
transmission is in the driving state and at the same 
time the controlled vehicle is not in the stop state, 
and producing the release condition signal in re- 
sponse to a driver's operation which is a shift oper- 30 
ation to bring the transmission out of the predeter- 
mined driving state, a braking operation, or an ac- 
celerating operation. 

1 6. A preceding vehicle following control process com- 35 
prising: 

performing following control in one of a follow- 
ing mode for controlling a longitudinal force of 
the controlled vehicle, in accordance with a 40 
sensed actual vehicle speed of the controlled 
vehicle and a sensed actual vehicle spacing 
from the controlled vehicle to a preceding vehi- 
cle, and an auto-stop mode for holding the con- 
trolled vehicle in a stop state; 4$ 
changing the control mode from a wait mode to 
the auto-stop mode in response to a wait-to- 
stop condition signal; 

changing the control mode from the wait mode 
to the following mode in response to a wait-to- so 
follow condition signal; 

changing the control mode from one of the au- 
to-stop mode and the following mode to a re- 
lease mode for canceling the following control, 
in response to a release condition signal; and ss 
returning the control mode to the wait mode 
from the release mode in response to a release- 
to-wait condition signal. 



17. The preceding vehicle following control process as 
claimed in Claim 16, wherein the wait-to-stop con- 
dition signal is produced only when the controlled 
vehicle is in a stop state, the wait-to-follow condition 
signal is produced only when the controlled vehicle 
is not in the stop state, and the release condition 
signal is produced in response to a driver's opera- 
tion indicative of a driver's intention of canceling the 
following control. 

18. The preceding vehicle following control process as 
claimed in Claim 17, further comprising: 

producing the wait-to-stop condition signal if a 
transmission of the controlled vehicle is in a 
predetermined drive state; 
producing the wait-to-follow condition signal if 
the transmission is in the drive state and a 
brake system of the controlled vehicle is in an 
inoperative state; 

producing a stop-to-follow condition signal to 
effect a mode change from the auto-stop mode 
to the following mode, in accordance with the 
actual vehicle spacing; 

producing a follow-to-stop condition signal to 
effect a mode change from the following mode 
to the auto-stop mode in accordance with the 
actual vehicle spacing and the actual vehicle 
speed; 

producing the release condition signal which is 
one of a stop-to-release condition signal to ef- 
fect a mode change from the auto-stop mode 
to the release mode and a fol low-to-release 
condition signal to effect a mode change from 
the following mode to the release mode; 
producing a release-to-stop condition signal to 
effect a mode change from the release mode 
to the auto-stop mode if the controlled vehicle 
is in the stop state and the transmission is in 
the drive state; 

producing a release-to-follow condition signal 
to effect a mode change from the release mode 
to the following mode if the controlled vehicle 
is not in the stop state and the transmission is 
in the drive state; and 

producing the release-to-wait condition signal 
in response to a driver's operation which is one 
of accelerating operation and braking opera- 
tion. 
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